Recent advances in molecular breeding techniques along with developing tools for Genomics and Proteomics are delivering new oil seed profiles for industrial applications. Ultra high Oleic, Erucic and blends including Hydroxy fatty acids are now, or will be shortly, available in a variety of oilseed crops including Soybean and Canola as well as Flax. As a result, vegetable oils need to be re-examined by industry for specific applications. Feedstocks and base oils derived from oil seeds are renewable as well as biodegradable. A brief summary of recent progress is presented together with a description of new research into the development of an alternative source of Hydroxy fatty acids to replace castor oil and an overview of an enzyme engineering approach to create new enzymes for seed oil modification.
INTRODUCTION
With the exception of Jojoba oil, which is a liquid wax, plant oils are composed of triacylglycerol (TAG). Although at first appearing to be a relatively simple molecule, three fatty acids esterified to glycerol, triacylglycerols can have diverse properties depending on their fatty acid composition. Their varying nature gives them great potential as petrochemical replacements in a wide variety of applications ranging from fuel, fuel additives and lubricants to the manufacture of polymers such as nylon.
Until recently the two main barriers for entry of vegetable oils into the industrial sector have been their price relative to mineral oils and the limited repertoire of fatty acids present in the major oil crop species. With the recent dramatic increases in the price of crude oil, and the urgent need to replace fossil fuels with a renewable resource, the first barrier is rapidly turning into an advantage. Furthermore, advances in the understanding of oil synthesis in plants, the introduction of new techniques such as marker assisted breeding, and genetic engineering to modify oil composition are now making an impact on the second barrier.
In 2004 world production of vegetable oil exceeded 100 Million tonnes. Most of this oil was used by the food industry, with only a small percentage entering the industrial market. Vegetable oil therefore represents an under-utilised industrial resource with great potential for expansion.
Development of more homogeneous vegetable oils.
The oil of most plants contains a mixture of different fatty acids. For many industrial applications a more homogeneous composition is desirable. Considerable success has been achieved in improving the homogeneity of vegetable oils. A key focus, driven largely by the demands of the food industry, has been the production of high and ultra high oleic oils. Through conventional breeding techniques and the isolation of natural mutants, varieties of canola, sunflower, safflower, soybean and peanut producing seed oil with over 80% oleic acid have been produced [1, 2] . Similar or even higher levels of oleic acid have been produced in canola and soybean by genetic engineering [2] . High oleic oils lines are also available for cotton and corn and there is progress towards high oleic palm oil. These oils are being increasingly used by industry.
Seed oils developed primarily for industrial use include high and ultra high Erucic rapeseed [3] , where erucic acid levels of up to 64% have been achieved, and high linolenic linseed (flax).
Oils with novel fatty acid composition.
The examples given above share a common feature in that the oil was produced by manipulating the ratios of fatty acids that already existed in those species. Plants, however, produce hundreds of different fatty acids, many with unusual functionalities such as hydroxy, epoxy and acetylenic groups, conjugated double systems and even covalently bound halogens such as chlorine [4] . These fatty acids are usually found in a very small number of species and are absent from commercial oilseed crops. Genes encoding the enzymes responsible for the biosynthesis of some of these unusual fatty acids have been cloned and attempts have been made to use them to produce unusual fatty acids in oilseed crops. In most cases the results have been disappointing, with only low levels of unusual fatty acids being synthesised in the engineered crops [1, 2] resulting in oil with no commercial value.
An exception is the production of hydroxy fatty acids by the transfer of a fatty acid hydroxylase from castor bean. The hydrox fatty acid ricinoleic acid comprises nearly 90% of the fatty acids in castor oil. This uniquely high ricinoleic content makes the oil useful for a variety of industrial purposes including the manufacture of Nylon 11. Oils with low levels of hydroxy fatty acids also have value, however, as superior lubricants and diesel additives, particularly if they are also rich in oleic acid [5, 6] . Our work has focused on the production of hydroxy fatty acids in a high oleic oilseed crop. For this work we have used a fatty acid hydroxylase gene first isolated by van de Loo and co-workers [7] .
RESULTS
Initial studies were carried our using the model oilseed Arabidopsis thaliana. By expressing the hydroxylase gene under the control of a strong seed specific promoter we were able to generate oil containing up to 19% hydroxy fatty acids [8] . The fatty acid profile of a typical high oleic Arabidopsis oil containing ricinoleic acid is given in table 1. The hydroxylase has also been expressed in Canola and Soybean to produce oils containing useful amounts of hydroxy fatty acids (Table 1) . Producing high levels of unusual fatty acids in crop plants has proved to be much more challenging than expected. Transfer of a single gene catalysing the synthesis of the unusual fatty acid is not sufficient. Current studies indicate that it may be necessary to engineer other aspects of the oil biosynthetic pathway to achieve that goal [1, 2] . Identifying the critical enzymes and steps in the pathway of triacylglycerol synthesis is the next big challenge for plant lipid biotechnology.
We are using an approach that combines state of the art Genomics, Proteomics and functional characterization to better understand the pathway of hydroxy fatty acid biosynthesis and oil assembly in castor bean. By sequencing a cDNA library representing all of the genes expressed in the castor seed during oil biosynthesis we have identified over 150 clones that encode enzymes of lipid metabolism. Bioinformatic analysis and analysis of expression patterns in the plant has reduced this to a small number of genes that may be of particular significance. These are undergoing detailed functional characterization, both in-vitro and in-vivo by transfer to our Arabidopsis model system. We have also conducted the first comprehensive analysis of the proteins present in the castor endoplasmic reticulum, the site of hydroxy fatty acid synthesis and oil assembly [Slabas et al unpublished] . The identification of, and transfer of key enzymes from castor to a crop plant is likely to greatly enhance hydroxy fatty acid production.
DISCUSSION
Advances in oilseed biotechnology are already producing seed oils with considerable value to industry as chemical feedstocks. With the discovery of the genes involved in the synthesis of a greater range of fatty acids the potential utility of vegetable oil can only increase. Advances may also be made by engineering enzymes to create new products. There is already a precedent in that the manipulation of as few as 4 amino acids in a desaturase enzyme can convert it into a hydroxylase [9] .
We are at the beginning of a revolution in the oilseed industry that will greatly increase the range of applications for plant oils. Table 1 Fatty acid compositions of seed oil from plants transformed with a fatty acid hydroxylase gene
